Sixty-eight growing gilts with a 12 kg average initial weight were used in seven trials to study the effect of dietary raw soybean (Harosoy) and SBTI (Kunitz soybean trypsin inhibitor) on pancreatic and small intestinal trypsin and chymotrypsin activities. A solvent-extracted, heated soybean meal (SBM) was used as the control. The raw soybean diet, whether ad libitum fed or pair-fed, caused reduced growth. Both a single-meal and continuous feeding of the raw soybean diet caused a decrease in the pancreatic trypsin and chymotrypsin activities. In contrast to the rat and the chick, the pancreas of the pigs did not enlarge subsequent to consumption of the raw soybean or SBTI diets. Raw soybean feeding also resulted in an inhibition of the intestinal trypsin and chymotrypsin activities. This inhibiting effect was greater than that of the SBTI, espe cially the chymotrypsin-inhibiting effect. This suggested that soybean con stituents other than the SBTI, such as the Bowman-Birk inhibitor, caused inhibition. In the pig the inhibition of the intestinal proteolysis may be a major cause of reduced growth when raw soybean is fed.
Among the proposed antinutritional fac tors in raw soybeans, a trypsin inhibitor (SBTI), first isolated in crystalline form from the soybean by Kunitz (1, 2), is probably the best known and certainly the most studied (3, 4) . It has been proposed that SBTI stimulates the rat pancreas to secrete an excessive amount of the diges tive enzymes (5, 6) , which are largely unabsorbed, resulting in a deficiency or cer tain amino acids thus, the growth inhibi tion. A similar reaction apparently occurs in the chick. Intestinal proteolysis is inhib ited, however, because the compensatory pancreatic secretion is inadequate to coun teract the effect of the SBTI (7) . Enlarge ment of the pancreas occurs in the rat (8, 9) and in the chick (10, 11) and is be lieved due to the stimulated pancreatic secretion.
In the pig, dietary raw soybean causes reduced growth (12, 13) 4 but not enlarged pancreas (13) . 5 If the size of the pancreas reflects its functional activity, as suggested by Goss (14) , the mechanism for growth inhibition in the pig is likely different than that in the rat and chick.
The present studies were designed to in vestigate the effect of dietary raw soybean and SBTI on trypsin and chymotrypsin activities in the pancreas and in the small intestinal juice of the pig.
MATERIALS AND METHODS

Animals and treatments.
Sixty-eight crossbred gilts, 12 kg average initial weight, were used in seven trials. In each trial, littermates were randomly assigned across treatments with four pigs per treat ment. There were two treatments in trials 1, 2, 4, and 5 and three treatments in trials 3, 6, and 7. The composition of the diets is shown in table 1. Solvent-extracted, heated soybean meal (SBM) in diet 1 and nondefatted raw Harosoy soybean (containing 19.5% oil) in diet 2 served as the sole sources of protein. Diet 3 was diet 1 sup plemented with the Kunitz soybean tryp sin inhibitor (SBTI) 8 to equate the calcu lated trypsin inhibitor potency in diet 2. Gertler et al. (15) reported 13.5 mg SBTI in l g of defatted raw Harosoy containing 7.957e nitrogen, i.e., 0.17 g SBTI/g of nitrogen. In our studies, each 100 g of diet 2 contained 2.56 g of nitrogen from raw Harosoy and a calculated 0.435 g of SBTI. Thus, this level of SBTI was added to diet 3.
Trial 1. The pigs were fed ad libitum either diet 1 or diet 2 for 2 weeks. On day 14 of the test, the feed was removed from the feeders at 1900 hours. On day 15, the diet was offered for 30 minutes from 0700 to 0730 hours. At 0900 hours, the pigs were killed and the pancreas, the stomach and the entire small intestine were re moved and treated as discussed below.
Trial 2. Procedure was the same as trial 1, but the diets were fed for 6 weeks and the pigs were killed on day 43.
Trial 3. The pigs were kept in individual metabolism cages with expanded metal floor. They were pair-fed diet 1 at the level of 5% of body weight daily, one half the feed each at 0700 hours and 1900 hours, for 7 days. The diet was mixed at feeding with water at a ratio of 1 to 2 (W/V). At 0700 hours on day eight the pigs were of fered one meal of either diet 1, 2, or 3. At 0900 hours the pigs were killed and treated as in trial 1.
Trial 4. During the first week, the pigs Â« Contained NaCl, 94% ; Zn (as ZnO), 1.0% ; Mn (as MnO). 0.8%; Fe (as FeSO4), 0.5%; Cu (as CuO), 0.1%; I (as KI), 0.01%; Co (as CoCO,), 0.01%.
were fed as in trial 3. From day eight to day 14, they were fed the test diets ac cording to their assigned treatments. On day 15 the pigs were killed two hours after the 7 a.m. feeding and treated as in trial 1.
Trial 5. This was the same as trial 4 except the test diets were fed from day eight to day 21. The pigs were killed on day 22.
Trial 6. During the first week, the pigs were fed as in trial 3. On day eight at 0700 hours, the pigs were force-fed via stomach tube their assigned diets. At 0900 hours, the pigs were killed and treated as in trial 1.
Trial 7. This was the same as trial 6 ex cept that the pigs were force-fed five meals, then killed on day 10 two hours postfeeding. Â» Treatment effect within the trial is significant (P < 0.05). ' Based on a numerical rating system with 1 the lowest and 4 the highest.
4One unit equals hydrolysis of 1 BinÃ³leTAME/min. ' One unit equals hydrolysis of 1 /imole BTEE/min.
Preparation of the pancreas. The pan creas was removed as soon as possible after the death of the pig, trimmed and weighed. A portion of the left lobe of the pancreas was removed and fixed in buffered neutral formal solution for later histological exam inations. The remaining portion was frozen quickly in a container with dry ice and methanol mixture, then stored at â€"20Â°u ntil assayed. Before assay the frozen pan creas was homogenized at 4Â°in a tissue homogenizer with nine volumes (V/W) of 0.15 M NaCl solution containing 0.1% Triton X-1007 (16). A 10 ml aliquot was then diluted with the NaCl solution to a final concentration of about 10 mg fresh tissue per ml of total liquid. Three dilu tions of the pancreas homogenate were pre pared and activated with equal volume of a crude enteropeptidase in 0.1 M Trisbuffer, pH 7.2, containing 0.1 M CaCl2 (16) at 4Â°for about 24 and 72 hours, re spectively, for the activation of chymotrypsin and trypsin (17) . Another two aliquots of the pancreas homogenate were assayed for dry matter, 105Â°for 24 hours, and Kjeldahl nitrogen.
Preparation of the small intestine and stomach contents. After ligatures were placed at cardiac, pyloric and ileo-cecal junctions, the stomach and the entire small intestine were removed from the pig. The small intestine was further di vided by ligatures into three sections: the first 12 inches, then the first half and the second half of the remaining portion. These were designated the duodenum, jejunum and ileum portions, respectively. The con tent of each section was extruded into col lecting bottles by stripping the section be tween two fingers, frozen rapidly in a con tainer with dry ice and methanol mixture, and then stored at -20Â°until assayed.
' Alkylpbenoxypolyethoxyethanol, Philadelphia, Pennsylvania. 2 Based on a numerical rating system with 1 the lowest and 4 the highest. Treatment effect within the trial is significant (P < 0.05). 3 Difference between Harosoy vs. SBM and SBTI is significant (P < 0.05).
*One unit equals hydrolysis of 1 /Â¿moleTAME/min. 6One unit equals hydrolysis of 1 Â¿emole BTEE/min. 6 Difference between SBM vs. SBTI and Harosoy is significant (P < 0.05).
7 Difference between SBTI vs. Harosoy is sig nificant (P < 0.05).
Before assay the sample was allowed to thaw at 4Â°overnight and then centrifuged at 3,000 X g for 20 minutes at 4Â°. The supernatant was collected and assayed for trypsin and chymotrypsin activities. The solid portion of the intestine content after centrifuging and the total stomach content after extruding out of the stomach were dried at 55Â°for 1 week. Dry matter and nitrogen determinations were made.
Enzyme assays. The trypsin (EC 3.4.4.4 ) and chymotrypsin (EC 3.4.4.5) activities were determined using a spectrophotometer 8 with multiple-sample absorbance re corder 9 and p-toluenesulfonyl-L-arginine methyl ester (TAME) 10 and Benzoyl-Ltyrosine ethyl ester (BTEE),10 respectively, as substrates (18) .11
Histological examination. After being fixed in the buffered neutral formal, the pancreas was cut into 6-ju. slices and stained with eosin-hematoxylin for the examina tion of the acinar cells and the acinar size (19) . Mallory-Heidenhain stain was used to determine the zymogen granule density ( 20 ) . A numerical rating system, 1 the low est and 4 the highest, was used to desig nate the density of zymogen granules.
Statistic analysis of the data. The data from each trial were analyzed with analysis of variance, and when appropriate, or thogonal single-degree-of-freedom com parisons were made to evaluate treatment differences (21). The 0.05 level of proba bility was used as the criterion for statisti cal significance. diet, but the direction of change differed between the two trials. Percent nitrogen and zymogen granule density were re duced when the raw Harosoy diet was fed in trial 2. Pancreatic enzyme activities were not affected in trial 1, but were sig nificantly less when raw Harosoy diet was fed in trial 2. Intestinal juice volume was significantly less when the raw Harosoy was fed.
RESULTS
Results
Trypsin activity in both trials and chymotrypsin activity in trial 2, dry matter content of intestinal solids from the lower half in trial 1 and both upper and lower portion in trial 2, were significantly less when the raw Harosoy diet was fed.
The results of trial 3 are represented in table 3. Pancreas weights, dry matter and nitrogen contents did not differ signifi cantly among the treatments. Zymogen granule density and pancreatic trypsin ac tivity were significantly greater in pigs fed raw Harosoy than those fed either SBM or SBTI diets. Intestinal trypsin and chymotrypsin activities were significantly re duced by SBTI and raw Harosoy feeding. Raw Harosoy diet resulted in significantly lower intestinal chymotrypsin activity than did SBTI diet. Dry matter content of in testinal solids was significantly less when the raw Harosoy diet was fed than when either SBM or SBTI diets were fed.
Results of trials 4 and 5 are given in table 4. Although all pigs received the same quantity or diet, average daily gain was significantly depressed when the raw Harosoy diet was fed. Diet did not affect weight and percent dry matter of pancreas. Raw Harosoy reduced percent nitrogen in trial 4, and zymogen granule density, pan creatic and intestinal trypsin and chymo trypsin activities in both trials. Diet did not affect dry matter content of intestinal solids.
In trials 6 and 7, diet did not affect weight, dry matter and nitrogen content >The precipitate from the centrifugation. Â«Within the trial treatment effect is significant (P < 0.05). Â»Within the trial difference between SBM ,â€¢ . SBTI and Harosoy is significant (P < 0.05).
of the pancreas (table 5) . Pancreatic zymogen granule density was significantly reduced by both SBTI and raw Harosoy diets. Pancreatic enzyme activities were less from both SBTI and raw Harosoy diets, however, only in trial 7 was the dif ference significant. Intestinal enzyme ac tivities were significantly reduced by both SBTI and raw Harosoy diets, the reduc tion of chymotrypsin activity was signifi cantly greater from the raw Harosoy diet than from the SBTI diet. Stomach dry matter contents were not affected by diets (table 6) . However, percent nitrogen was significantly less from raw Harosoy diet than from either SBM or SBTI diets. Dry matter content of solids in the lower half of the intestine was significantly affected by diets in trial 6. Percent nitrogen of both upper and lower halves of intestine and volume of intestinal juice of upper half were significantly affected by diets con taining SBTI and raw Harosoy.
DISCUSSION
The results agree with our previous re ports (13) and with others (12, (22) (23) (24) (25) (26) 4 that raw soybean feeding will reduce feed intake and growth in the pig. They also confirm previous observations that dietary raw soybean will not cause enlargement of the pancreas in the pig (13) .5 This is in contrast to the response noted in the chick (10, 11, 27) and in the rat (8, 9, 28) . Con tinuous feeding (more than a single meal) of the raw soybean to pigs tends to de crease the dry matter and nitrogen con tents of the pancreas. A single force-fed meal of the raw Harosoy decreased trypsin and chymotrypsin activities in the pan creas. Continuous feeding of the raw soy bean diet, whether pigs were force-fed, pair-fed or ad libitum-fed, decreased pan creatic trypsin and chymotrypsin activities. This effect appears to be due to the SBTI in the raw soybean. In the one-and fivemeal force-fed pigs, SBM plus SBTI and raw Harosoy decreased pancreatic trypsin and chymotrypsin activities.
When pigs were pair-fed a single meal of raw Harosoy, however, increased rather than decreased pancreatic trypsin and chymotrypsin activities were observed. This is in contrast to the effects of force feeding one meal and could reflect the rate of feed intake. In the one-meal, pairfed trial, the pigs consumed 350 g of the SBM or SBM plus SBTI diets within 15 to 20 minutes, whereas the pigs fed the Harosoy diet took at least 1 hour. This slower rate of feed intake would result in less raw Harosoy and associated SBTI per unit of time passed into the duodenum, and thus a lower dry matter content in the upper half of the small intestine in the raw Harosoy-fed pigs. This could result in less depletion of pancreatic trypsin and chymotrypsin activities. Corring, Aumaitre and Rerat (29) also observed an increase in the pancreatic juice trypsin and chymotrypsin activities in the pig after feeding, and Corring (30) indicated that the duo denum was the site where the stimulation of the pancreatic enzyme secretion was regulated. This explanation can also apply to our 2-week ad libitum feeding trial in which no difference was observed in the pancreatic trypsin and chymotrypsin activ ities between the SBM and raw Harosoyfed pigs. The slow rate of consumption and low total intake of the Harosoy diet re duced the SBTI stimulating effect on the pancreatic secretion of trypsin and chymo trypsin. However, with longer feeding pe riods, the pig consumed more of the diet and this could have caused, after 6 weeks, a decrease in pancreatic trypsin and chy motrypsin activities. That raw soybean and SBTI stimulate pancreatic secretion is fur ther supported by the fact that raw Haro soy and SBTI feedings resulted in a greater degree of depletion of the zymogen gran ule in the acinar cells than did SBM feed ing. A similar effect has been observed in the chick (31) .
The stimulating effect of a single meal of raw soybean or SBTI diets on the pan creatic protease activities is apparently similar in pigs, rats (5, 6, 32) and chicks (31, 33, 34) . However, unlike in the rat and in the chick, the pancreas of the pig does not evidence the ability of compensa tory synthesis of trypsin and chymotrypsin in response to prolonged feeding of the raw soybean or the SBTI diets.
The inhibiting effect of the raw soybean on the intestinal trypsin and chymotrypsin activities is similar in the pig, the chick (15, 34) and the rat (35) .
The inhibition by raw soybean of tryp sin and chymotrypsin activities in the small intestine of the pig can be attributed, at least in part, to the SBTI. However, some of this inhibiting effect, especially the chymotrypsin-inhibiting effect, is likely due to constituents other than SÃ‰TI since the raw soybean diet resulted in both a slightly greater trypsin-inhibiting and a sig nificantly greater chymotrypsin-inhibiting effect than did the SBTI diet which had the same calculated SBTI potency as the raw Harosoy diet. A so-called BowmanBirk inhibitor (36) has been isolated from the raw soybean (37, 38) . It has a more potent chymotrypsin-inhibiting effect than SBTI.
The higher percentage of nitrogen in the solids in both halves of the small in testine from pigs fed the raw soybean and SBTI diets (table 6) may reflect the in hibition of intestinal proteolysis.
Raw soybean has either reduced (39, 40) or had no effect (41) on stomach emptying rate in rats. In our study, stom ach dry matter contents of force-fed pigs were similar from all diets, suggesting no significant differences in emptying rate.
In the rat and chick, growth inhibition is believed to result from excess loss of cystine in the SBTI stimulated pancreas secretion. This is supported by the fact that SBTI increases the conversion of methionine to cystine in the pancreas (42) and dietary methionine can counteract the in hibiting effect (27, 28, 43) . In the chick under 6 weeks of age, raw soybean causes an excessive pancreatic secretion (44) , and intestinal pancreatic trypsin and chymo trypsin activities are reduced (15, 34) .
In the pig, added dietary methionine did not correct growth inhibition ( 13, 22 ) , the pancreas did not enlarge (II),5 and con tinuous feeding of raw soybean did not stimulate pancreatic enzyme synthesis. It is thus indicated that growth inhibition in pigs fed raw soybean results from a com bination of (1) reduced feed intake and (2) an inhibition of intestinal proteolysis. Thus, the physiological response of the pig to raw soybean is different from that of the growing rat and chick. 
